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Welding is broadly utilized in all enterprises and its interest is radically expanding. It is
one of the rapidly growing professions in the United States. Today, all areas of designing need
quality welders to satisfy their guidelines. Welders need long stretches of involvement and
information to satisfy those guidelines. They require heaps of preparing, hardware, equipment,
and security principles to dominate the welding expertise. The expense of preparing is
extravagant, as they will rehearse each day with various materials. A crucial and often expensive
endeavor is training in the welding industry; this research explores the training potential, welding
knowledge, and expense consequences of the use of virtual reality technologies as a significant
part of welder training. Not only the expenses, but the health risks involved with welding are
numerous, and the industry is still doing research to determine the consequences of welder
exposure to common welding chemicals and gases, as well as the impact on climate change.
Despite the process’s mechanization and automation and new types of welding techniques and

consumables are being introduced, the number of welders exposed to welding fumes is steadily
increasing. Given that dangerous vapors and gases might sometimes exceed the appropriate toxic
chemical limits, environmental safety is one of the most important factors to consider when
choosing a welding technique. This task expects to prepare them in another converged climate of
the virtual world. Thus, this technique would lessen preparing expenses and improve the security
of the user. This technique is a medium that assists clients with having a superior comprehension
of welding and the certainty to perform capably as a general rule alongside the end of hazard,
obligation, and injury. The virtual welding training allows users to train better and master
procedures, so, when the time comes, they are ready for industrial work. The welding test in the
virtual scenario was conducted along with consideration of safety measures due to the ongoing
pandemic.
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Chapter 1: Introduction
1.1 Background
Welding is an ancient technique, and since man first learned to remove and refine iron, it has
been studied. The method of welding used today in the blacksmith’s forge is the same as that
used in Roman times until around the turn of this century. In order to squeeze out slag and oxide
and permit the surfaces to fuse together, the two pieces of metal to be joined are heated and then
pounded or pressed together (Lancaster, 1984). The growth of welding has an amazingly long
past, perhaps beginning with the hammer welding of gold. Though several elements of welding
are entirely experimental, there is no question that considerable advances have been made to
qualify the subject as a partial science (Kou, 2002).
In the automotive manufacturing area, welding is commonly used. As a result, relative to the
past, there is a strong demand for welders in today’s world. Welding is one of the industry’s
main and widely used technologies, and its applications vary from the food industry to aerospace
and from precision instruments to ship building. There is a rapid development of this skill due to
humans’ competition in nuclear sciences, which must target only at peace. Welding is a
dangerous career, and many risks are exposed to the related employees. In the employees’ health
and goal of making their environment healthy, the detention and refusal of these threats plays a
significant role. Welding, on the one hand, is a risky, laborious, and dangerous occupational
operation. In welding operations, using heat or pressure or both, metal pieces are connected. In
other hands, with the aid of welding filler metal and heat or pressure, welding is the attachment
of metal parts. (Zamanian, Mortazavi, Asmand, & Nikeghbal, 2015). Welding, which presents
possible physical and chemical health risks, is one of the main components of many industrial
sectors. Welding gases consist of a wide number of fragments of complex metal oxide that can
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be accumulated in all parts of the respiratory tract. Mostly from the electrode wire, the welding
aerosol is not homogeneous as produced. Different gases (metal oxides, CO2, CO, O3, NO2,
hydrocarbons) and welding fumes can be created by welding processes (Chadha & Singh, 2013).
Given the importance of welding training for manufacturing companies, it is critical that they
consider implementing training techniques in these technologies for their employees. They must
also consider a variety of factors such as prior knowledge of how to operate automatic devices
that each company or process uses or plans to implement, as well as financial resources for
personnel training. At this time, welding training in different companies has several significant
drawbacks: it is typically an internal resource that few companies or organizations can afford,
and among those that can do so, welding training requires a significant amount of time. A major
lesson to be learnt is that due to global pandemic circumstances, like SARS-CoV-2, the way to
train welding in a face-to face environment is severely compromised.
For these reasons, the development of a virtual welding training scenario is proposed. Studies
have shown that the use of VR technologies contributes to a decrease in learning time and skill
transfer. Even in training, the use of VR technology does not vary substantially from real-world
training. This realism helps the welder to communicate with the correct directions within the
virtual reality to perform the welding process. Moreover, the gun’s angle and arc gap between
the work-piece and the nozzle of the gun can be tracked down, which helps to keep the hand
steady, and in doing so the hand skill can be improved. In addition to this, the time taken by the
user to complete the welding and the respective score can also be presented to review and record
the user’s performance. The VR thus helps welders to work towards better preparation in a new
virtual world and to get them fit for real work.
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1.2 Problem Description
As far as the Iron Age and the Bronze Age are concerned, welding is known to occur in some
manner. There is evidence that the Egyptians learned to weld iron together, and tiny gold boxes
that were welded with lap joint pressure from 2,000 years ago have been discovered. However,
the style of welding, then widespread and discovered in the Middle Ages, was a very primitive
method of welding that typically involved merely hammering two pieces of metal under heat
together before they fused. As early as 1800, some of the first inroads into conventional welding
came about. After that, welding techniques progressed very quickly. Since the 19th century,
people have been developing more and more efficient techniques for precise, quick, and effective
welding (Reed, B., 2019). One of the best work prospects worldwide is manual welding. Several
banks, building agencies, and factories employ welders. Each company has its own
specifications and system relating to the welding process. The welding skills must then be
learned by welders to suit the curriculum. The talent for welding does not arrive in a single day.
It requires lots of experience, effort, and time. Continual practice is the key element to one’s
welding potential. To perform welding, trainers have to cover the expenses for the tools,
machinery, and instruments etc.
Welding is one of the dangerous professions and the resulting workers are prone to several
hazards. Inside their wellbeing and healthy climate, the containment and rejection of these risks
plays an important part. On the one hand, with the aid of welding metal filler and heat or strain,
welding is the linkage of metal sections. The welding process, in other words, is risky, laborious
and harmful to the profession (Zamanian et al., 2015). The majority of welders work in
manufacturing. They work both indoors and outdoors, depending on the exact industry or
welding project. To be qualified for the job, the welders need to be skilled in accordance with the
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industry’s needs. The foundational part of being a qualified welder is the hand skill. The journey
to be a certified welder, with the right knowledge and practice, is not easy and economical. The
enactment process consumes an abundant number of materials, tools, and equipment, along with
the preparation time. In addition, electricity will be used while welding procedures are carried
out. If those who use, touch, or supervise these processes do not fully understand that their
unsafe use may cause poisoning, fires, explosions, or electric shock, loss of life and property
may occur. Whenever the output is on, the electrode and operating circuit are electrically alive.
When power is on, the input power circuit and computer internal circuits are still alive.
Carelessness in these terms can lead to minor or even serious injury.
1.3 Purpose
The design of virtual scenarios centered on welding training used in the manufacturing
industry is not a new concept. Since the introduction of virtual reality devices and platforms,
several researchers have looked for ways to adapt certain operations or processes to these
technologies. The people behind the development of virtual scenarios and technologies must
create more complete and flexible execution models as technological capabilities become more
complex. This will allow them to execute more precise instructions so that with each new
advance the end-user manages to experience an interaction that is similar to the real handling of
the simulated processes.
The proposed research design considers the use of various key features of the virtual
experience to allow multiple levels of interaction between the user and the surrounding
environment. The study primarily focused to reduce the training cost and master the quality of
hand skill during welding training. In the education sector, virtual reality systems are used to
both develop the ability of students to learn and to obtain information. With this technology the
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virtual scenario of the welding can be created and made available to different areas where
welding is performed for the training process. Students can communicate with and manipulate
simulated objects using 3D projections and simulations in order to analyze them in a way that is
important to themselves and their learning.
1.4 Research Objectives
The primary objectives of this research are as follows:
•

To design and implement the computer-based training environment to improve
welding skills effectively and safely while conserving resources.

•

To operate welding with proper guidance and instruction for better training and ready
for the real work.

•

To evaluate the performance of the user in the virtual welding scenario.

•

To test the knowledge of the user in the quiz game scene and recording all data in the
user login scene.

1.5 Assumptions
The main assumption is that welding is one of the rapidly growing profession and since its
demand is high, the cost for welding training does not come easy. Training requires the expenses
for the tools, machinery, and instruments etc. The reason for this welding operation to be
modeled is that the different harmful gases and fumes are produced while practicing physically.
Moreover, another reason behind this virtual welding is the safety of the user, which is taken into
full consideration to avoid any injury.
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1.6 Definition of Terms
This section contains a list, along with their definitions, of frequently used terms and
acronyms that will be used throughout the thesis. Along with basic terms, it also contains
definitions of some of the features that will be used in the research.
Virtual Reality: Virtual reality (VR) is the application of computer modeling and simulation to
allow a user to interact with a three-dimensional (3D) visual or another sensory world. VR
applications employ interactive equipment such as goggles, headsets, gloves, or body suits to
immerse the user in a computer-generated world that resembles reality (Virtual Reality, 2021).
Head Mounted Display: Small screens or projection technologies incorporated into eyeglasses
or installed on a helmet or headgear are known as head mounted displays (HMDs). Heads-up
displays a form of HMD that superimposes an image over the user’s perspective of the actual
world rather than blocking their eyesight (Gartner, 2021).
Graphics Processing Unit: A graphics processing unit (GPU) is a chip or electrical circuit that
can produce images for display on a computer screen. The GPU was first presented to the
general public in 1999, and it is best recognized for delivering the smooth visuals that current
video and gaming viewers demand (Frankenfield, 2021).
Field of View: Field of view (FOV) is one of the most significant components of virtual reality.
The user is more likely to feel present in the experience if the field of view is larger. When it
comes to VR FOV, the lenses, not the pupils, are the limiting component. You may either go
closer to the lenses or raise the size of lenses to acquire a better field of view (Jay, 2019).
Haptic: The study of adding touch (tactile) sensations and controls to computer interaction is
known as haptic (pronounced HAP-tiks). Haptics adds a new dimension to a VR or 3D

7
environment, and is crucial to achieving total immersion in those worlds. It is most typically
found in the application of vibration or electrostatic shock on the skin (Balladares, 2017).
Immersion: Immersion is a term used to describe a one-of-a-kind experience related to virtual
reality. The user will effortlessly submerge into this make-believe world as if it were the actual
world while exploring the three-dimensional world of virtual reality. It is essentially a user’s
sense of involvement in a virtual world that has been thoughtfully developed by specialists
(Virtual Reality Society, 2017).
Computer-Aided Design: Computer-aided design (CAD) is a method of creating 2D and 3D
models of real-world objects digitally before they are created. The user can simply share, review,
simulate, and alter designs with 3D CAD, allowing you to create unique and differentiated goods
that hit the market quickly (CAD Software Solutions, 2021).
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Chapter 2: Literature Review
This literature review will be focused on the journal articles and research around the
project of virtual welding training and its safety aspects against the health issues that arise while
doing traditional welding. The overview and explanation of the virtual welding training scenario
will be discussed in the “Methods” section of this thesis.
2.1 Empirical Studies
The use of virtual reality (VR) based methods to support human integrated simulation for
manual welding processes. Under this framework a prototype demonstrator was developed,
named ‘the virtual welding environment’, which provides functionality inside a virtual
environment for immersive and interactive process execution. This environment’s simulation
features allow the user to configure, conduct, and verify the results of a welding operation. This
environment shows promising potential to support process design and manual welding-related
training procedures. Its aim was to support process experimentation concerning factors, which
cannot be analytically described and therefore do not predeterminedly affect the process.
Consequently, the focus was on the verification of subjective or random aspects of human
involvement in relation to the welding process, the product and the working environment. In
terms of potential use, the virtual welding demonstrator incorporates features to help the design
and testing of welding processes: the environment allows the user to conduct the welding process
set-up procedures, the process is conducted digitally in an immersive and interactive manner and
the system is currently operating on a Silicon Graphics ONYX2 Workstation with an Infinite
Reality 2 Graphics Pipeline. The VR peripherals, which are used to enable immersive and
interactive process execution within the virtual assembly environment include an FS5 Virtual
Research helmet, a Cyber Glove with Cyber Touch and Gesture Plus Virtual Technologies 18
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sensor, a 3D Mouse Section, and a Polhemus Fastrack tracking device. With the use of
Pro/Engineer V.20. verification of process characteristics the virtual welding system was
modelled. A number of specific functions were also introduced to support the activities of the
interactive user in the virtual welding environment, including input evaluation functions,
assembly function, process evaluation functions, welding seam creation function, and results’
representation functions. This paper identified the idea and the functionality of a prototype
demonstrator, the virtual welding demonstrator, which can be used for welding processes as a
design verification and training tool. Based on simulation techniques for virtual reality, this
environment allows for immersive and interactive performance in the process. Within the virtual
welding demonstrator, the user can set up and conduct a welding MIG/MAG process, providing
quantitative environment input in real time that provides support and overview of the process
performed (Mavrikios, Karabatsou, Fragos & Chryssolouris, 2006).
In late 2005, ASSE's Northeastern Illinois Chapter and AIHA's Chicago Local Section
jointly presented a seminar on welding safety and health. SH&E practitioners have provided
contradictory reports about welding hazards over the last few years, although employees exposed
to welding fumes have a rise in mass tort litigation among them. The seminar also looked at the
new advances in handling welding risks. Health hazards brought by welding hazards are
inevitable. Several illnesses have been linked to the contaminants that make up welding particles,
vapors and fumes. Short term disease widely reported among welders involves irritation of the
respiratory tract and fever from metal fumes. On long term over, however, exposure can cause
siderosis or Welder's Lung characterized by iron pigmentation in the lungs leading to further
exacerbation of the symptoms of other pulmonary disease such as silicosis, asbestosis and
emphysema. Other possible harmful health effects associated with welding include asthma,
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distorted posture, hearing loss, heat stress, lowered immunity, repetitive stress and reproductive
problems, welder’s flash. Welders may also suffer from photo keratoconjunctivitis, also known
as "welder's flash." The acute corneal inflammation is caused by overexposure to ultraviolet
light, which happens most commonly when a welder directly views an arc. For welding safety
measures, SH&E professionals play a vital role in shielding welders from the many hazards that
they encounter in their work. The seminar speakers discussed practical methods for evaluating
and controlling welding hazards. Welders work regularly with equipment that poses numerous
safety hazards according to Petitti. Unless handled and stored properly, devices such as gas
cylinders, drums and containers may combust or explode. Other tools such as manifolds, hoses,
torches, manual electrode holders and cables can trigger fires or electrocution if they are misused
or defective. Welders must also exercise caution when working in confined spaces or in areas
that contain potential fire hazards. Petitti emphasized the importance of PPE for welders.
Welders should wear a shield or helmet with a filtered lens that is of the correct hue to avoid
damage to the eyes and ears. Frey noted that one recent breakthrough, the auto darkening shade,
has greatly advanced eye safety for welders. This shade automatically responds to ultraviolet and
infrared light so that welders do not need to change shades depending on the type of welding
work performed or electrode used. This shade also increases welding accuracy, quality and
productivity. Petitti recommended that welders follow existing practices for the safe use,
transportation and storage of welding equipment, particularly compressed gas cylinders. To open
a cylinder valve securely, the spindle should always be opened slowly and by not more than one
and a half turns. Regulators must also be used in conjunction with compressed gases to minimize
pressure in the system. On the basis of the information provided, further work needs to be carried
out to confirm the direct health effects of exposure to welding fumes, particularly when those
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fumes contain manganese. At the same time, welders, as well as SH&E practitioners, will
continue to follow proven procedures to protect against the health risks associated with welding
(Weeks & Cappello, 2006).
The evaluation of the health and safety aspects of welding can be extremely complex,
because of the large number of disciplines involved. The recent knowledge of court cases in the
USA related to welders presenting Parkinson’s disease and lung cancer and associating it with
their profession has led to in-depth studies on the cause-effect of manual arc welding on these
conditions. Major investments are being made in Europe with the goal of researching these
problems and clarifying the real effect on human health of these factors and the ways and means
to prevent them. ECONWELD Project, co-financed by the European Commission under the FP6
Programme, which lasted from 2005-09 and produced very promising results, not only in the
field of ergonomics, but also in terms of welding costs and fume reduction. Similar initiatives
should be pursued by European companies to find a solid foundation for implementing new,
ergonomic approaches within workspaces. A project in which a new design has been introduced
for a self-aspiring torch and a welding mask, and a program to guide professionals is being
created to determine the fumes emissions of a given welding technique. Bad ergonomics and
harmful effect of electromagnetic field on Welder's health has also been discussed. The European
Federation for Welding, Joining and Cutting (EWF), by virtue of its unique international
expertise, has developed a high integrity and specialized certification system to assure
companies’ compliance with EN ISO 3834 and with the EWF requirements for the
Environmental and Health and Safety Management. This system is known as the EWF
Manufacturer Certification System (EWF MCS). The primary aim of MCS certification is to
ensure that manufacturers are competent and have sufficient control over the special welding
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process so that consumers and others can be assured that the welded products they produce will
comply with the regulatory and/or contractual requirements as relates to quality and environment
health and safety. Health and safety in welding are very important issues that need to be
addressed worldwide. Europe is strongly investing in clarifying the long term impact of the
welding technologies in the human body (Quintino, Hourmat & Pires, 2009).
A crucial and sometimes expensive endeavor is training in the welding industry; this
research explores the training capacity, team learning, use of resources, and expense
consequences of the use of advanced virtual reality technologies as a significant part of welder
training. In this study, one of two different approaches (traditional training (TT) and virtual
reality interactive training (VRI)) was used to train 22 participants. The findings found that
students trained with 50 percent virtual reality had testing outcomes that matched those of
typically trained students with four distinctive welding qualifications (1G, 2F, 3G, 3F). In
addition, slightly higher levels of team engagement were shown by the VRI community, which
contributed to improve team-based learning. Finally, the VRI group’s material cost effect was
slightly smaller than that of the TT group, while both schools served for a full two weeks period.
The authors hypothesized that VR integrated training would lead to better training outcomes
relative to conventional approaches, that the use of a state-of-the-art VR system would lead to
improved levels of team engagement and understanding, and that welding training performed
using VR integrated technology would be substantially less expensive than training conducted by
us before conducting this study. In all, there were 22 participants (21 males and 1 female). One
of the two classes was randomly allocated to the participants. Group one (VRI) subjects were
trained using 50 percent VR + 50 percent conventional training, while group two (TT) subjects
were trained using only the traditional method of training. In this experiment, the primary
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independent variable was training style at two stages, reflecting the type of interface tested:
Traditional Weld Training (TT) and Virtual Reality Training (VRI) at 50 percent. The results of
this research specifically demonstrate the direct advantages of using integrated training for
virtual reality in the welding domain. Compared to their traditional educated peers, the VRI
group students demonstrated substantially superior outcomes in training. The significantly higher
rate of team learning and engagement among VRI students and the significantly higher number
of welds done by VRI students in the VR setting are the factors correlated with the finding
(Stone, Watts & Zhong, 2011).
Welding is the most common industrial process for combining metals, but it also
produces a substantial number of harmful fumes and gases. Despite the process’s mechanization
and automation, the number of welders exposed to welding fumes is constantly increasing with
the introduction of new types of welding techniques and consumables. Given that poisonous
vapors and gases might sometimes exceed the relevant limitations for toxic chemicals, one of the
most significant considerations for a welding technique is its environmental safety. The health
risks involved with welding are numerous, and the industry is still doing research to determine
the consequences of welder exposure to common welding chemicals and gases, as well as the
impact on climate change. Most welding processes have a significant environmental impact due
to their operation mode and technological equipment used, and pollution is not insignificant.
During welding, a variety of vapors and gases can be produced. Welding fumes are metalcontaining aerosols made up of particles generated during welding’s complex vaporization,
consideration, and oxidation processes. Welding fume enters the body mostly through the
respiratory organs, as welding fume particles are among the most easily inhaled. The goal of this
article is to determine the impact of filler material type on toxic substance emissions and to
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demonstrate potential dangers. Micro alloyed steel has been welded with two different filler
materials to determine that impact (metal cored wire and self-shielded wire). Total dust
emissions, CO2, CO, SO, Mn, Ni, Al, Cr, Cr (VI), Ca, and P were all measured. By comparing
the results for both filler materials, it was discovered that the high concentrations of phosphorus
and aluminum in self-shielded wire; require special attention. Furthermore, contrary to earlier
studies, conducted experimental measurements of emission of certain elements revealed that selfshielded wire had no higher toxicity than metal cored wire (Popović, Prokić-Cvetković, Burzić,
Lukić & Beljić, 2014).
Since the first use of the word “Virtual Reality” (VR) back in the 60s, VR has developed
in numerous ways, becoming closer to the physical world. It is possible to distinguish two
distinct kinds of VR: non-immersive and immersive. The former is a computer-based setting that
can replicate locations in actual or imaginary worlds; by giving the illusion of being physically
present in the non-physical universe, the latter takes the notion much further. Although nonimmersive VR can be based on a normal machine, as the requisite technologies are becoming
more user-friendly and economically available, immersive VR is still emerging. The use of
equipment such as a helmet and goggles has been a big challenge in the past, although modern
devices are now being built to increase accessibility for the customer. By making learning more
inspiring and interactive, VR, which is based on three core principles: immersion, engagement,
and user participation with the world and story, provides a very high education opportunity. Due
to high product costs and their restricted accessibility, the use of immersive-VR in educational
games has been limited until now. Today, in many educational contexts, new technologies such
as the commercial “HTC VIVE” make it easier to access immersive-VR. A research literature
survey on the benefits and feasibility of using interactive Virtual Reality in Education in the last

15
two years (2013-14) is stated in this article. It explains how VR in general and interactive VR in
particular have been used mainly in specific circumstances for adult training or for university
students. It then reflects on the potential benefits and disadvantages of its use in education with
regard to various consumer groups such as children and some forms of cognitive disorders
(particularly with regard to Down syndrome). It continues by outlining methods for verifying
certain concepts that could be carried out (Freina & Ott, 2015).
The application of dexterity to demonstrate the possible success of original welders in the
selection of applicants for welding training programs. Successful welding training programs are
imperative with strong demand for welders, but can be time consuming. The time taken to train
skilled welders is one of the obstacles that training programs face. Before welcoming them to a
training program, numerous vocational fields have tried to predict the possible success of a pupil
by assessing their dexterous ability. The full Minnesota Dexterity Test (CMDT) was used in this
research to investigate the dexterity of participants during a welding exercise program.
Participants completed weld tests at the conclusion of the training program, supervised by a
qualified welding instructor (CWI) who visually inspected each weld. When measuring
participant dexterity on the first day of training, it can be observed that with the positioning and
turning assessments, 78.3 percent of the participants have poor dexterous ability. However, 34.8
percent of the participants exuded a very high degree of dexterity during the displacement test on
the first day of training. For the two-week training plans, participant independence was isolated.
In all three types of tests conducted in the 50/50 simulated and traditional type of study, a general
increase in dexterous ability can be observed. For basic shielded metal arc welds (SMAW), all
three dexterity measures demonstrated statistically significant similarities to the visual pass/fail
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scores of the participants. It can be inferred that dexterity can predict the starting welders that
complete simple SMAW welds for future production (Byrd, Stone & Anderson, 2019).
In various scenarios, experts have investigated the advantages and uses of virtual reality
(VR). VR has a great deal of promise, and its application to education has recently seen a great
deal of research activity. However, there is currently no comprehensive study on how academics
have used immersive VR for higher education purposes, which considers the use of both highend and budget head-mounted displays (HMDs). Therefore, to classify design features in current
research committed to the use of VR in higher education, we recommend using systematic
mapping. By collecting key information from documents indexed in four scientific digital
repositories, which were manually filtered using exclusion, inclusion, semi-automatic, and
manual processes, the checked papers were acquired. The mapping was carried out between
application domains and content for learning and between elements of architecture and content
for learning. Our research has found many deficiencies in the adoption of VR in higher
education. For example, learning hypotheses have not always been considered in the
development of VR applications to support and direct learning outcomes. In comparison, the
assessment of educational VR applications concentrated mainly on the usability of VR
applications instead of learning results, and interactive VR was often part of theoretical and
growth work rather than being routinely extended to practical instruction. Nevertheless, since
this research recognizes 18 application domains, VR seems to be a promising area, suggesting a
stronger reception of this technology in many disciplines (Radianti, Majchrzak, Fromm &
Wohlgenannt, 2020).
Lincoln Electric is a worldwide corporation based in the United States that manufactures
welding products, arc welding equipment, welding consumables, plasma and oxy-fuel cutting
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equipment, and robotic welding systems. The company has introduced three welding equipment,
which are VRTEX 360®, VRTEX Mobile®, VRTEX® EngageTM. Among these, VRTEX® 360 is
an advanced level welding teaching system. It is made to be a full-featured, extendable platform
in a fun and easy-to-use welding instruction tool. Students learn more quickly when Virtual
Reality Welding training is integrated into standard welding training programs. This boosts
welding school throughput while also freeing up time to teach other subjects. Although skilled
welders cannot be trained solely on simulators and require real arc time to fine-tune their
welding abilities, VR Welding Training may be a pleasant and informative experience. Students
are not inhibited by their initial encounter with a training system that appears to them to be a
game. Today’s digital environment allows for a great deal of engagement and learning, making
the VRTEX® a terrific approach to meet students on a level playing field where they are more
likely to learn and interact. The VRTEX® teaches welding without the use of a base material,
shielding gas, welding electrodes, or other consumables. Weld fume removal is also not required
with this technique. Electrical consumption, scrap, and waste are all expenditures that can be
decreased by using virtual reality welding (Lincoln, 2021).
2.2 Summary
Summarizing the literature, there were many articles that showed the effectiveness of
virtual welding training along with the data and concluded that the training was worth it. Also,
the user did not have to deal with welding fumes and electrical appliances that made the training
safe and inexpensive as the training did not include the cost of tools, materials and other
necessary equipment.
Although there was an abundant amount of research focused on virtual welding training.
What was not very common were studies that used VR technologies or created an environment
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to make their research actionable. Therefore, the research performed in this thesis adds value to
the next boundary where the user can move around within the virtual environment and make
more use of the technologies which will be discussed more in the next chapter.
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Chapter 3: Methodology
3.1 Research Design
The main objective of this project consisted of the design of a virtual environment in
which a welding environment can be displayed and interacted with by performing welding in the
digital world. One of the first steps in the realization was to identify the main problem, which
was to train welding operation with a goal to conserve welding resources and enhance safety.
This chapter is divided into three sections. These sections are Research Design, Setup
Development Environment, and Tools. The Setup Development Environment section details the
brief description of the composing elements of the welding. The Tools section summarizes the
use of applications to create the virtual welding scenario.
3.2 Setup Development Environment
A brief description of the environment’s composing parts is required to better
comprehend the project’s foundation.
3.2.1 Welding Workshop
Before setting up a welding shop, make sure that it is safe and well-planned. When it
comes to welding, the environment around the workshop is very important. This is because
shielding gas must be maintained in a calm atmosphere because the gas may not be suitable for
areas with wind conditions. Since arc welding is done in dry areas, it should not be done in the
rain. Also, cold metals cannot be heated properly without pre-heating. Welding can be dangerous
and should be controlled to prevent injury and damage.
In the welding process, sparks and components of the steel can scatter about 40 feet from
the intended patch of welding. This can cause injuries and ignite other combustible materials.
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The welding shop should be well ventilated to prevent the release of dangerous gases. Also,
avoid using welding machines that have ventilation issues. In addition, a powerful overhead light
should be set up and pointed at your personal welding table. It will be great if the shop also
includes an extra room with cinder block walls and a concrete floor. This could be an ideal
location for a welding shop. Any surface that could be damaged or ignited by sparks or hot slag
should be avoided. Working on metal will undoubtedly necessitate the use of specific tools.
Magnetic clamps, center punches, metal files, c-clamps, cold chisels, ball-peen hammers, and a
hacksaw are among the other equipment recommended. The list of welding tools is practically
limitless, and as you move on other new tools will be needed.
It’s more about logic than technical know-how when it comes to setting up a welding
business. New welders are quick to forget about the high temperatures required in the welding
process, and as a result, they are unaware of the fire threat that exists in their welding area. A
proper welding shop not only protects the welder and aids in effective welding, but it also
protects other workers in the workshop by avoiding hot sparks and blinding light (Welding
Types, 2017). By observing this workshop, a virtual setup is created known as virtual welding
scenario. Various tools required for welding are explained below:
3.2.1.1 Personal Safety Equipment
Welding metal necessitates the use of safety equipment to protect us from the numerous
potentially hazardous parts of the job, such as being burnt or blinded. By following a few
important safety precautions, it will be safe to perform welding (Audreyobscura, & Instructables,
2021).
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Figure 1: Personal Safety Equipment (Welder Portal, 2018)
3.2.1.1.1 Welding Helmet
The most important welding accessory is a helmet, which shields the eyes from direct
contact with fire sparks when the arc is struck. As a result, it reduces the danger of eye-related
medical problems including arc eye and retina burns. Helmets protect the entire face and neck, in
addition to the eyes.
There are two types of helmet explained below. The CAD model of helmet is used in the
virtual scenario so that users can see them and realize that it is one of the important safety
equipment for welding (Dekker, 2021).
3.2.1.1.1.1 Auto-Darkening Welding Helmet
When light emissions from a welding equipment are detected, auto-darkening welding
helmets utilize an auto-adjusting method that allows the lens to automatically shift from light to
dark. A sensor in the lens detects light through filters and cells in the viewing plane. Batteries or
solar energy are used to power auto-darkening helmets. The arc will be detected by the sensors
because it emits light, which causes the sensor to broadcast a signal that activates the liquid
crystals and darkens the lens to the specified shade level.
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Even when the automatic darkening is not turned on, an auto-darkening helmet contains
an infrared and polarization filter that keeps your eyes away from radiation. The controls on the
inside of the helmet expand on its usefulness (Dekker, 2021).

Figure 2: Auto-Darkening Welding Helmet (Dekker, 2021)
3.2.1.1.1.2 Passive Welding Helmet
Passive welding helmets feature a standard glass with a fixed shade of number 10 coated
with ultraviolet and infrared protection to protect the welder’s eyes (from arc and glare), neck,
and face. These helmets may be worn on the head or carried in the hand. When welding, the
helmet needs to be removed to examine the welds. Because they do not require batteries, they
will never die or fail. They also will not flash on when welding because they do not have glass
lenses. Another distinguishing aspect of these welding helmets is their clarity. The clarity is
obtained with the proper lens, such as a gold glass lens, and seems nearly like welding in high
definition.
These helmets are quite durable. They do, however, have a disadvantage. They are a lot
more difficult to use, especially for shielded metal arc welding or stick welding. These helmets
need constant repositioning and flipping, but it is a skill that becomes easier with practice.
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Another issue is that the filter provides the same degree of protection regardless of the number of
amps emitted by the light during welding (Dekker, 2021).

Figure 3: Passive Welding Helmet (Dekker, 2021)
3.2.1.1.2 Jacket or a Welding Apron with a Long Sleeve Shirt
Welding is characterized by sparks and molten metal flying in all directions. As a result,
not only your face but also the rest of your body should be protected from them. So, if you
cannot find a heat-resistant leather jacket, a welding apron and a long-sleeve cotton shirt will
suffice. It’s critical to remember that protective clothing should be composed of natural fibers
rather than synthetics. The user does not want their skin to become burned or damaged (Welder
Portal, 2018).
The information about this is necessary so that the user knows much well about welding
and performs well in the quiz before starting the virtual welding.
3.2.1.1.3 Welding Shoes
It is necessary to have a suitable pair of work shoes to protect one’s feet during the
welding process. Again, make sure it is made up of leather rather than any synthetic material that
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can catch fire (Welder Portal, 2018). Suitable shoes also help the user to protect from any electric
shock, and this knowledge can help them score well in the quiz.
3.2.1.1.4 Safety Glasses
For further protection, the welder can wear safety glasses under the helmet. When
grinding metal, make sure to wear these as well. It is wise to choose sunglasses that provide UV
protection as well (Welder Portal, 2018).
3.2.1.1.5 Ear Plugs
The welding process generates a great deal of noise. This exposure can induce pain if the
welder works for long hours. Wear earmuffs or earplugs to protect your ears (Welder Portal,
2018).
3.2.1.1.6 A mask or A Respirator
Get a mask or a respirator because welding produces a lot of gases that can be harmful if
inhaled (Welder Portal, 2018).
3.2.1.2 Welding Gun
A welding gun is a portable equipment that is used to make semi-automatic or automatic
metal welds. In this thesis, I have considered Metal Inert Gas (MIG) welding because this type of
welding is used in Morehead State University to train and teach the students and also one of the
most used types of welding as compared to others. A MIG welding gun uses a wire feed
mechanism to continually feed electrode wire from a spool to the welding machine as shown in
Figure 4. A power supply, usually a welding machine, is connected to the welding gun. The
portable equipment supplies current to the wire via a contact tip while also spraying shielding
gas to protect the weld pool and the arc. Some of the benefits are:
•

Quick contact tip changing times result in increased production
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•

Welds performed are of improved quality

•

Increased arc-on time due to the operator’s comfort

Welding guns often feature easily cleaned and replaced nozzles and tips, making them ideal for
high-volume welding operations (Buel, 2021).

Figure 4: MIG Welding Gun at Morehead State University Welding Workshop
3.2.1.3 Welding Tools
This section includes some basic information regarding the tools that are used in
traditional welding. This information can help the user increase their knowledge of the tools and
their functions. There are several different tools and some of them are explained below.
3.2.1.3.1 Measuring
Investment in measuring and marking devices since the success of a project is heavily
reliant on accurate preceding measurements. A tape measure, calipers, metal T-squares, and a
marking tool are all required (Welder Portal, 2018).
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3.2.1.3.2 Welding Clamps
This is an essential welding tool. Welding clamps let you set up your work piece securely
so that the welding produces a tight connection. Clamps come in a variety of sizes. It is a good
idea to keep at least ten clamps on hand, so the user always has one ready for any job they are
working on. Metal warpage caused by welding may toss the project out of square and cause
welding flaws if the metal clamps are not used (Welder Portal, 2018).

Figure 5: Welding Clamps (Welder Portal, 2018)
3.2.1.3.3 Welding Magnets
The magnet is also necessary for welding tasks. The welder may use them to set up metal
parts to hold at various angles, like 45, 90, and other. They also come in a variety of sizes, so buy
a couple to have on hand at all times for various projects (Welder Portal, 2018).
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Figure 6: Welding Magnets (Welder Portal, 2018)
3.2.1.3.4 Sheet Metal Gauge
This tool comes in handy when the user is not sure about the thickness of the metal.
Because it is difficult to tell how thick anything is by looking at it, this gauge is useful. It is not a
must have welding tool, but it will certainly come in handy in the workshop (Welder Portal,
2018).
3.2.1.3.5 Electrode
An electrode is a tool tip that is attached to the tool’s end and allows electric current to
flow from the welder to the material. Different sort of electrode is needed for each application.
MIG welding electrodes are different from manual arc welding (Welder Portal, 2018).
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Figure 7: Electrode used in Arc Welding (Welder Portal, 2018)
3.2.1.3.6 Wire and Electrode Feed
Wire or electrode feed is needed depending on the sort of welding the user undertakes.
The wire feed is used in MIG welding, despite the fact that it utilizes a consumable electrode.
Stick welding, on the other hand, makes use of the electrode (Welder Portal, 2018).

Figure 8: Consumable Electrode (Welder Portal, 2018)
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3.2.1.3.7 Angle Grinder
An angle grinder is useful when it comes to preparing and completing welds. It is used to
remove corrosion, paint, or dirt from the work-piece before starting to weld. After finishing the
operation, the welding tool is used to clean off any slag that has accumulated. It is also used to
cut metal since it can readily chop through thin metal (Welder Portal, 2018).
3.2.1.3.8 Metal Brush
A metal brush is needed if the welding operation produces a lot of slag after the weld is
finished. To scrape off the slag layer, the metal brush is required to reveal the finished weld
(Welder Portal, 2018).
3.3 Virtual Reality
Virtual Reality (VR) is a computer-generated environment that provides users with a
three-dimensional (3D) environment in which they may explore and interact. Virtual reality is
the latest frontier in the gaming, information technology, and educational industries, allowing
users to immerse themselves in a virtual world and modify items to enhance their virtual
experience. Virtual reality allows you to feel things and environments that users would not be
able to feel in real life, which is why it is so popular among young people who want to spend
their time playing video games. There is still a lot of research and study being done to improve
the visual capabilities of virtual reality, and there are a lot of items to the collection VR (Virtual
Reality, 2020).
The future of virtual reality is easy to anticipate, and the entertainment industry will be
astonished to see greater advancements in virtual reality into video games and movies. The
Nintendo Wireless Fidelity (WIFI) and project Natal are some examples where the user can
interact with the game. For the purpose of this thesis, virtual reality refers to the experience of
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being immersed in a simulated environment given by a device called a head-mounted display
(HMD).

Figure 9: Virtual Reality with HTC VIVE Pro (Wiatrak, 2019)
3.3.1 Components of Virtual Reality
Virtual reality is the technology of the future, and many companies have committed time
and money in the development of this project. A virtual reality system has to have a few key
components. The hardware and software are the two most important subsystems. The hardware
is broken down into VR engines and input/output devices, while the software is broken down
into application software and user interface software. Some of the key elements in virtual reality
technology are as follows:
•

Virtual world: It is a 3D environment that allows the user to explore the virtual reality
world as they choose. Essentially, it imitates the real world and allows users to interact
with it in a virtual environment (Raghvendra, 2018).
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Figure 10: Users of VR Technology Interact with a Virtual World (Raghvendra, 2018)
•

Immersion: There are basically two types of immersion; physical and mental. Immersion
is the experience of being present in a virtual world. Immersion, both mental and
physical, allows your mind to suspend disbelief that users are in a virtual environment.
There are numerous techniques and equipment that can assist you in achieving complete
immersion (Raghvendra, 2018).

Figure 10: Virtual reality allows users to immerse themselves mentally and physically
•

Sensory feedback: The optimal stimulation of the senses, including sight, touch, and
sound, can be accomplished with the help of appropriate software and hardware
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components. Sensory feedback became necessary when our senses began to play. Many
accoutrements, like as HMDs, hand accessories, hand controls, and special gloves, are
important for effective stimulation of these senses (Raghvendra, 2018).

Figure 11: Using Controllers, Trackers, VR Gloves to Support Sensory Feedback in VR
•

Interactivity: The fact that users may interact with the system’s material is one of the
reasons why virtual reality is so popular in a variety of fields such as medicine, business,
and game development. Interactivity is determined by factors such as range, speed, and
mapping, and the benefits of being able to move in all directions as well as the capacity to
adjust the environment according to our preferences are the best interactivity that VR
offers.
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Figure 12: A Virtual Reality-Enabled Interactive Session
3.3.1.1 Head Mounted Display (HMD)
The most important virtual reality equipment is the head mounted display. It consists of
two screens, each of which displays different stereoscopic pictures to form a virtual reality. A
head mount with an image source and collimating is worn by the users. The image was created
utilizing optic techniques to look like a genuine image and surrounds the user, which is why, in
the 1990s, HMD was used in the military as well as in the medical area due to its realistic audio
and visual effects. HMDs, however, are quite hefty and can be uncomfortable to wear for long
periods of time (Zhang & Hua, 2008).
3.3.1.1.1 Tethered HMD
A cable is frequently used to connect a tethered headset to a computer or gaming system.
They are costly and big, with cutting-edge motion sensing and head tracking capabilities. When
comparing the tethered HMD to the mobile HMD, the tethered HMD will win out, but it will be
more expensive (Arango, 2021). Such tethered HMD used in this project is of HTC VIVE Pro, as
illustrated in Figure 13.
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Figure 13: HTC VIVE Pro Tethered HMD
3.3.1.1.2 Mobile HMD
Mobile HMD are totally reliant on smartphones for both display and processing. In
comparison to personal computer VR headsets, they are inexpensive and compact. Because the
mobile phone does the most of the work, it is affordable, and the screen is divided into two when
the user holds it to his or her face (Arango, 2021).
3.3.1.2 Input Devices
The user can utilize the input device to engage with the virtual world. Tracking devices,
point input devices, bio-controllers, and speech devices are only a few of them.
Electromagnetic, ultrasonic, optical, mechanical, and gyroscopic sensors, data gloves,
neural, and bio or muscle controllers are all utilized to track the user’s position. They detect six
degrees of freedom and are essential components of the VR system (Bamodu & Ye, 2013).
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3.3.1.2.1 Controllers
Users use their hands to do things in the real world, in the same way controllers serve as
the user’s virtual hands. Controllers can be used to display hand and finger movements in a
virtual reality system. It plays a crucial role in boosting the level of response in virtual reality
systems.
Virtual reality controllers are utilized as direct control with users to engage with the
virtual reality world. In a virtual world, the user can point, hold, and push an object while
experiencing a lifelike experience. VR controllers include the VIVE controller, leap motion
controller, and senso glove, among others. The first is a virtual reality gadget that uses a handheld controller. The leap motion controller is an input device that accepts input via hand and
finger movement. It increases human-computer interaction. Senso glove is a device with a
vibrating mechanism at each fingertip that looks just like its name. It is a metric for measuring
finger and hand movement (Tanjung et al., 2020). The controller used in this research is a VIVE
controller along with a 3D printed MIG gun in the right controller, which is shown in Figure 14.

Figure 14: HTC VIVE Controllers
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3.3.1.2.2 Tracking Device
The tracking device allows the VR system to maintain track of the position and
orientation of selected body parts of the user. When worn with gloves, the tracking device
determines the location and orientation of the hand, allowing them to render in the virtual world
with the same orientation as the user. Depending on how the user applies the sensor to the
subject that is being tracked, the tracking device might be active or passive. Mechanical, optical,
electromagnetic, and acoustic tracking devices are currently in use (Tracking Devices, 2021).
3.3.1.2.2.1 Mechanical Tracking Device
This gadget is typically used when a physical link is established between the objects that
the user wishes to track. Sensors are installed in the linkage, which indicate the angle between
them. This is accomplished by measuring the voltage using the potentiometer and determining
the angle between the links. This technology is quick and accurate, and it can also incorporate
force feedback into a VR application (Mechanical Tracking, 2021).
3.3.1.2.2.2 Optical Tracking Device
Optical tracking techniques are straightforward. It uses light to determine the position and
orientation of an object. The primary signal emitter is a series of infrared LEDs. The most
popular way is to track the object with a video camera. The computer then calculates the position
and orientation depending on what the camera sees. In second person VR, where the user sees
themselves, single source or two-dimensional optical tracking is typically employed. To obtain
more information about the object, other visual input sources might be merged into the system
(Optical Tracking, 2021). The optical tracking device used in this research is shown in Figure 15.

37

Figure 15: Optical Tracking System Cameras
3.3.1.2.2.3 Electromagnetic Tracking Device
The strength of the magnetic fields generated by the flow of current through the wire
coils is measured by this tracking device. While the current is running through each wire, it turns
into an electromagnet, and the user can identify the position and orientation of the object by
measuring the magnetic fields generated on each of the wire coils. One downside is that the
magnetic field-generating material may interfere with the signal (Tracking Devices, 2021).

Figure 16: Working of electromagnetic tracking device (NDI, 2021)
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3.3.1.2.2.4 Acoustic Tracking Device
The device transmits and detects ultrasonic sound waves to compute the target’s location
and orientation in this tracking system. The majority of them track how long it takes for
ultrasonic sound to reach a sensor. The user determines the target position and orientation using
ultrasonic emitters, which is dependent on the time it takes for the sound to reach the sensors. As
a result, they have a number of drawbacks since sound travels through air, and the atmosphere
might alter depending on temperature, humidity, or barometric pressure (Tracking Devices,
2021). `
3.3.1.2.3 Noitom Hi5 VR Glove
The Noitom Hi5 VR Glove is a virtual reality glove that captures entire hand and finger
motion. It improves user engagement in the virtual world and creates a more realistic
environment. It has a quick response time and pinpoint precision when it comes to conveying
hands into the virtual world. It requires no recharging time and is composed of ecologically
friendly elastic material with only one replacement battery. It includes two modes: two-handed
and single-handed, as well as a customizable vibrating rumble on each wrist for quick feedback
(Hi5 VR Glove, 2021).
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Figure 17: Noitom Hi5 VR Gloves with trackers
3.4 Methodology
The main function of the virtual welding scenario is as follows: to be able to perform
welding in the full immersive digital environment with the help of voice guidance and most
importantly to train the new welder or any student with the least expense along with conserving
the resources. This is made possible by advances in computer vision, graphics processing units,
display technology, and input devices.
Achieving high welding standards is a difficult job because welders need to be highly
qualified and trained. It is only from years of experience that these criteria can be met. The key
point of incorporating virtual reality, however, is to have confidence and a deeper understanding
of welding. There are several strategies that need to be observed to use virtual reality to train the
users. A step by step procedure, including diagrams, used to create this new model can be seen in
the next section.
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Figure 18: Flowchart representing the working of Virtual Welding Scenario
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3.4.1 3D Design Stage
The suggested setting is made up of a variety of 3D models developed using computeraided design (CAD) software. The chosen models were imported into the SolidWorks® software,
which is a 3D solid model component system and an improved version of the Windows
operating system’s CAD 3D software modeling system. 3D graphics use three dimensions or
three coordinates to portray more intuitive and solid entities, whereas two-dimensional (2D)
graphics use two coordinates to represent visuals. SolidWorks® software is packed with powerful
modeling functions and effective modeling efficiency, which distinguishes it from other 3D
modeling software and makes it one of the easiest to grasp software for operation and interface
(Wu et al., 2019). These models can also be downloaded from grabcab.com, an online website
where various CAD models are available, or the appropriate CAD model can be built with the
aid of SolidWorks® software. When the CAD model is complete, shown as an example in Figure
19. It is subsequently exported to the 3Ds Max modeling software as illustrated in Figure 20.

Figure 19: 3D Model of MIG Gun with Support in SolidWorks®
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Figure 20: Optimizing and editing the mesh of CAD model in 3ds Max
3ds Max is a program that allows users to create 3D models, animations, renders, and
visualizations. The user can also create amazing game settings, virtual reality experiences, and
design visualizations. It is mainly used in the scenario for mesh optimization and editing mesh of
CAD models. The Optimize and ProOptimizer modification allows the user to reduce an object’s
amount of faces and vertices. While keeping an acceptable image, this reduces the geometry and
speeds up rendering. And also, Editable Mesh, like the Edit Mesh modifier, allows users to
manipulate a mesh object made up of triangle faces at three different levels: vertex, edge, and
face. Most objects can be converted to editable meshes in 3ds Max, however, open spline objects
only have vertices since open splines have no faces or edges when converted into meshes (3ds
Max Software, 2021).
The main reason for using this software is to adapt the scenario with the minimum
specifications that a computational platform such as a personal desktop or laptop can afford. A
render that is too large can cause a considerable delay in the number of tasks that any
computational platform processor has to perform. When it comes to modeling, it is well known
for its unmatched speed and simplicity.
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3.4.2 Game Engine Stage
These models are then imported into a gaming engine, where they are arranged to fit the
virtual environment’s requirements. The game engine software enables the environment to
imitate real-world situations within the physical attributes of the virtual object. In this stage, the
scenario is developed to make sure the user has a better experience as compared to real one. Lots
of actions can be made possible which is a must for immersive training.
In making of this scenario, Unity 3D® is one of the best game engines used for virtual
scenario development. It is the key software for optimizing game play. Unity 3D® is used to
build high-quality 3D and 2D games and deploy them around the desktop, VR, console. It is a
cross-platform gaming engine that is used mostly for computer and tablet video games and
simulations.
The virtual welding scenario starts from placing the virtual models and arranging
according to the requirements of the user and stimulating the real welding workshop. When these
models are inserted into the “scenes” (one of the working environments of the software) get
converted and known as “GameObjects” as shown in Figure 21. Inside the software, these
GameObjects’ properties can be modified such as location, size, weight, orientation, textures,
and animations are just a few of the properties available.
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Figure 21: Scene view and different GameObjects in Unity 3D®
Unity 3D® provides built-in support for writing Visual Studio Code scripts as an
alternative script writer for various operating device applications. These scripts lead to the
interactive workshop being run. With the use of coding, these CAD models start functioning
which they are prepared for. The correct form of coding and understanding the way it works are
a must. The script used to activate the vibration and fire the sparkle of welding is achieved with
the coding, which is depicted in Figure 22. The user is being helped with voice instructions and
may also be helped with visual instructions during the training, which is possible because of the
Unity 3D® software.
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Figure 22: C# Sharp Script for Triggering the Welding Gun
3.4.3 Final Integration
The final step to complete the model is to merge the animated workshop with the
different hardware to train the user proficiently. In this case, a device named HTC VIVE Pro, a
virtual reality technology developed by HTC and Valve, comes in handy. The headset uses
“room scale” tracking technology, allowing the user to navigate in 3D space and to communicate
with the world using motion-tracked handheld controls, such as controllers. The CAD model of
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the upper part of the MIG welding gun with support is 3D printed and connected with the right
controller so that the user has the feeling of holding a real gun.
This training scenario’s main motive is to improve the hand on performance and also to
improve the knowledge of the welders. Along with the HTC VIVE Pro, the combination of
Noitom Hi5 VR glove and the tracker produce a remarkably convincing feedback experience that
offers VIVE interactions with finger-level fidelity. One advantage of the Noitom Hi5 is the quick
setup time, which leads to a remarkably persuasive feedback experience on the VIVE that feels
more immersive than the simple VIVE controllers for some use-cases. With the help of the
controller, the vibration is also included to have the real feeling of welding as the real welding
gun is triggered. The hardware used in the final integration is shown in Figure 23.
In this scenario, the users need to perform a welding test. When the user starts the setup.
The voice instruction will be played and will guide the user to perform welding. Once the test is
done, the data is collected to review the performance. Moreover, different scenes are also created
such as “Quiz Game” and “User Login” to test the knowledge of the user regarding welding and
record the data in respective scene, as shown in Figure 24 and Figure 26. The data will be
collected and later evaluated to see the overall performance of the user.
The “Quiz Game” scene has multiple-choice questions to test the user’s knowledge about
welding and is featured with timer, positive and negative points for correct and wrong answers
respectively and at the end the overall score is displayed. In the “User Login” scene, the user can
register themselves with username, email address, and password. Using these features, they can
log in and update their data. These data are saved and listed on the scoreboard, which is ranked
on the basis of the high score received from welding, as illustrated in Figure 28.

47

Figure 23: HTC VIVE Pro and Noitom Hi5 VR Gloves along with 3D Printed MIG Gun

Figure 24: User taking multiple-choice questions to test the knowledge regarding welding
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Figure 25: Registering as New User

Figure 26: Logging in with email address and password created in Register Option
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Figure 27: Updating the data received from Quiz, and Welding Scenes

Figure 28: Ranking the Users with High Welding Score at first position
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Chapter 4: Findings
4.1 Virtual Welding Scenario
Upon conducting the first trial of the virtual scenario, there were both positive and
negative feedbacks. The research has provided a great impact within the proper working
environment of the virtual welding scenario. Since then, the HMD has both wired and wireless
adapter capabilities. Both of them were working well, but the virtual scenario works best when it
is connected directly to the computer in the central processing unit (CPU). The reason behind
using the wireless adapter is it allows users to move freely without the hesitation of wires and
there is no chance of any kind of barrier, such as getting caught in the wire. However, the
connection of the wireless adapter of HMD with the computer was sensitive, and therefore
further study was completed by connecting the HMD to the computer with the help of wire.
Another important task was the manipulation of the welding gun with vibration and
emission of spark simultaneously with the pressing of the trigger on the controller to give the real
sensation of a welding gun. Moreover, the 3D printed gun was attached to the controller without
messing with the sensor to give the feeling of the welding gun so that the user can refer to the
nozzle of the gun while welding virtually. The VR glove was an essential tool in the scenario
adding extra features which help the user to visualize their hands. With everything connected and
coded, the user was able to execute the welding virtually. The overall setup and working of the
virtual welding scenario are illustrated in Figure 29. Later, the extra features to calculate the
performance of the user were added, which records the total time to complete the welding and
also the total score determining the quality of welding.
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Figure 29: Working Scene of Virtual Welding Scenario
4.2 Limitations and Complications
There are some limitations in this training though the training costs less and prevents the
users from hazardous gases and fumes. The filler material increases the strength of welding
which is a limitation in virtual reality because the chemical composition of the filler material
cannot be tested.
The complications of this welding environment are that it cannot replicate the real
welding operation, but it allows welders to practice and perfect their skills as a companion to
hands-on training. The welders may experience certain health issues such as nausea, anxiety, and
eye-strain.
4.3 Testing and Evaluation
After connecting all essential components, and with some trial the virtual scenario was
set for testing to evaluate the welding. With the display of arc gap and gun’s angle, the user can
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work with their hand performance which will help improve their hands’ skills. Also, the scenario
is evaluated with the help of score and time taken to complete the welding.
There are different virtual welding simulators in the market such as VRTEX® 360. As
mentioned above, different scenes such as Quiz Scene and User Login Scene are created in this
research. Multiple-choice questions about welding are prepared to test the knowledge of the user
in the terms of welding. Eventually, the users’ data is stored in the database with the user’s email
address and password for protection of data. The simulation of the hand in the virtual scenario
benefits the user to grab a welding gun for better welding operation. These distinctive features
are not available in Lincoln’s welding simulator.
Due to the COVID-19 restrictions, the testing was limited. So, one of my colleagues
working in the same lab agreed and contributed her time to do practice testing of the virtual
scenario. When the scenario had started, a voice instructor guided her and she moved around the
environment then, started performing the welding task. At the first trial, the result was poor,
which may be due to the first exposure to virtual reality. But as the trials were continued further,
the performances were improved and the outcomes came. The test was conducted for five
consecutive times and respective data were collected to see the overall progress. The further
training leads to better results than the very first time. The data are presented in Table 1 with
respect to time taken and score along with the respective graph plot. With the recurring practice,
the results showed the overall training improvement. In doing so, the material consumption was
completely null as compared to the traditional welding because the user can practice again and
again without time consumption and at less expense. The user also has the advantage not to
inhale any welding gases and fumes while practicing in digital scenario. But necessary
information and knowledge will be provided so that the user get ready for the real welding.
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Number of Trials

Score

Time taken

1

36

2.39

2

94

2.83

3

91

5.25

4

88

5.74

5

94

6.37

Table 1: Performance of user in Virtual Welding for 5 consecutive trials

Figure 30: X Y Scatter plot of Table 1
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Figure 31: X Y Scatter plot of Table 1
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Chapter 5: Conclusions
The goal of this research was to come up with a new digital welding environment to
introduce users to a realistic experience that would allow them to practice welding operations as
they would in real life. Moreover, this study leads to practice welding in-expensively and also
results in conserving welding resources. The research did not limit to just welding two metals, as
the project is progressing, new features were added to have more realistic feeling such as adding
vibrations and sparks to controller while triggering and attaching 3D printed gun without
covering the sensors.
Since the study was dealing with technology and different software, the newer versions
needed to be adjusted to work smoothly with the specifications of the VR. The correct calibration
of the VR gloves and right version of software needed to match in order to run the virtual
scenario. Further research will be needed to add extra features and alter the design with the time
and need of the environment as the working with software is updated. With the upgrade of the
software, there will be a need of to update current graphic processing unit hardware to support
the upgrade.
This research has a great future direction and if necessary the current environment can be
modified with the new one but it could take time. New design can be planned and created to
modify and it is a lot of work if the design needs to be built from the start. As this study was
mostly done by a single person, the team work will definitely have an advantage that may divide
the work among the team members and boost up the process. Also, multiple mind are always
greater than a single one. Due to the COVID-19, the scenario could not be tested by certified
welder. But, the scenario can be tested by them with their feedbacks in the future. Necessary
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changes can be worked out and implemented as per their feedbacks for better performance and
this training can be used for certification of welders.
Conclusively, virtual welding training on VR technologies have many advantages. It
enables the educational process to be improved, as well as the transfer of knowledge and
experience, and the virtual preparation and retraining of welders to be taken to a new quality
level, as well as the transition to different types of equipment and technologies to be facilitated.
Furthermore, this scenario can be further studied to work on Augmented Reality and Mixed
Reality to explore in the next level of technologies. The simulation of exhaustion vent and
occurrence of welding defects could be another additional feature for more realistic experience.
Future users will be able to compare performance and data values between the two systems in
order to create a more synergetic environment in which multiple operators and observers can
take actions to stabilize and keep both systems operational, as well as find new ways for both the
manufacturing industry and academic programs to use these platforms more frequently.
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